The presence of immature stages of O. albifasciatus is associated with fluctuations in the flooding of aquatic habitats and rainfall amount (Gleiser et al. 2000a . Females lay drought resistant eggs on the humid soils that surround temporary water bodies. Once embryonic development is complete, the eggs may enter diapause or hatch synchronously if covered by water for at least 3 h (Gleiser et al. 2000b ). Larval development time shows a wide range of variation, from a minimum of 6 days in the summer (at a mean air temperature of 24ºC), up to 32 days in the winter (at 13ºC) . The mortality of immature stages has been evaluated under laboratory conditions (Ludueña Almeida & Gorla 1995) , but field estimates have never been reported.
In Córdoba province, larvae and pupae have been detected during the fall-winter period (Almirón & Brewer 1994) , whereas in Buenos Aires province they have been found from spring through fall (Maciá et al. 1995) . In the rain pools of parks in the city of Buenos Aires, the immature stages of this mosquito not only occur year-round , but they are also the most abundant insects .
The knowledge of the environmental factors regulating larval abundance and developmental success under natural conditions is fundamental to achieve effective mosquito control. The breeding sites of O. albifasciatus have been characterized as shallow temporary water bodies (Prosen et al. 1960) , of variable size, either natural or artificial, with or without vegetation (Almirón & Brewer 1996) , generally located in floodplains (Forattini 1965 tics associated with the presence of this species (Maciá et al. 1995 , Ludueña Almeida & Gorla 1995 . However, intensive studies of all larval habitats of a whole urban park have never been carried out. The present study analyzes the seasonal variations in the abundance of immature stages of O. albifasciatus as a function of climatic variables and the number of available habitats, and evaluates the association of characteristics of these pools with the presence of this species in a park of Buenos Aires City. Study area -Buenos Aires is located in a humid temperate climatic region, with an annual mean temperature of 17.6ºC, annual mean relative humidity of 71%, and annual mean of 1089 mm rainfall. Saavedra Park (34º33'S -58º29'W) is located near the northern boundary of the city, lying on the piped course of Medrano Stream, which runs in a west-east direction on the main axis of the park. The irregular topography of the park, extending over approximately 13 ha, favors the formation of a great number of ephemeral pools after rain. These water bodies range from 0.1 to 600 m² in surface area, 1 to 24 cm in depth, and last from one week to several months depending on the climatic conditions . The substrate vegetation of the pools is mainly grass (Gramineae), which is periodically cut. Trees differentially shade the pools, some of which receive direct insolation throughout the day, others part of the day, whereas some remain in the shade most of the time. Owing to its location in a densely populated urban area, the park is extensively utilized for recreation and pools are highly disturbed. Owing to the proximity of pools, we assume that climatic variables, such as temperature and rainfall, affect them uniformly (Schneider & Frost 1996) .
MATERIALS AND METHODS
A total of 91 rain pools, identified in a preliminary phase of the study, were studied between June 1998 and May 1999. Maximum depth and surface area of each pool were determined weekly. Each pool was assigned to one of three insolation categories by estimating the proportion of exposure to direct sunlight throughout the day. The vegetation cover of the substrate was also assessed for each pool by differentiating among three categories: no grass cover, half of the pool surface covered by grass, and almost the whole substrate with vegetation cover. The number of opportunities on which each pool contained water was used to estimate its duration. In the summer and in the fall, the presence of water was controlled three times a week, in order to evaluate whether mosquito cohorts were able to complete their development in the different pools.
Immature mosquitoes were sampled weekly with a 350 µm mesh hand net, dragged along the bottom, on a single immersion that covered the longest axis of each pool. An 80 ml plastic dipper was used to sample the shallowest pools. The number of samples collected was proportional to the surface of each water body (from 5 to 160 dips). During the summer, the samples were taken within five days after each rainfall in order to warrant the detection of all cohorts. Quantitative samples were taken from each pool from late August 1998 until the end of the study period. The samples were fixed in situ in 5% formaldehyde and subsequently stored in 80% ethanol. Immature mosquitoes were identified to species (Darsie 1985) , but only the information on O. albifasciatus is herein analyzed.
The number of cohorts that developed throughout the study year in each individual pool and in the whole park were computed. The frequency distribution of the number of cohorts per pool throughout the year was analyzed in order to assess the suitability of the different pools as breeding sites. The variance to mean ratio was used to assess the distribution pattern of these frequencies. The Chi square test was used to assess whether the frequency distribution pattern deviates from randomness (Elliot 1977) .
The total number of pools present on each sampling date was determined, and the proportion of mosquito (O. albifasciatus) positive pools at the beginning of each cohort was then calculated. These proportions were compared by means of a test of proportions for several independent samples (Fleiss 1981) .
The relative abundance of larvae in each pool was calculated by multiplying the surface area times the mean number of larvae per dip. The relative abundance of each cohort was estimated by adding the larval abundance in every pool. The correlations between the relative abundance of larvae and the number of mosquito-positive pools (where immatures were detected) on the one hand, and with the number of successful pools (where larvae attain their fourth stage) on the other hand, were also computed.
The relationship between rain amount and the appearance of a cohort was explored in order to assess the threshold rainfall volume that triggers the development of new cohorts of O. albifasciatus. Rainfalls were grouped in three categories: < 10 mm, 10 to 20 mm, and > 20 mm, and the proportion of rains that triggered cohort development in each category was calculated. These proportions were compared by means of a test for several independent, quantitatively ordered proportions (Fleiss 1981) .
The number of mosquito-positive pools for each cohort was correlated to daily maximum and minimum air temperatures at the estimated time of egg hatching, as well as to the number of pools present on the date of first detection of each cohort. Meteorological records were provided by the National Meteorological Service for Villa Ortuzar Observatory (ca. 3 km from the park).
Larval survival -The breeding success of each cohort in each pool was assessed by recording the presence of fourth stage larvae. Although the presence of pupae provides a better estimation of survival, it was not documented for each brood. The seasonal proportions of successful pools were compared by means of a test for independent proportions (Fleiss 1981) .
Aiming at comparing the success of cohorts raised under contrasting climatic conditions, the relative abundance of immature O. albifasciatus was assessed at their onset and at the fourth larval stage, both of a winter and a summer brood in all of the pools. Comparisons were made by means of a test of proportions for two independent samples (Fleiss 1981) .
Relationships with environmental variables -The relationships between the presence and the success of immature stages of this mosquito with surface, depth, habitat duration, vegetation cover of the substrate, degree of insolation, and weekly mean air temperature were studied. Several categories were established for each variable according to the following gradients: surface area: 0-1, 1-10, 10-100, > 100 m 2 ; depth: 1-5, 6-10, 11-15, > 15 cm; insolation: shade, half shade, open sun; vegetation cover: lacking, scarce, totally covered; and permanence: < 11, 11-20, 21-30, > 30 dates. Mean air temperatures were calculated for the 7-day period preceding the first sampling of each cohort. All variables were firstly screened by univariate analysis using tests for independent proportions (Fleiss 1981) , whereas those that showed significant relationships to mosquito presence were included in a logistic regression analysis, performed with the S-plus V.6.02 statistical package (S-plus 2001). The logistic regression was performed by the sequential method, using the Chi square test to assess differences between models. In this case, no variables were included in the initial model, and new models were then elaborated by adding the variables one by one. The variable that produced the highest difference between the beforehand model and the actual model was included, and the process repeated for the remaining variables. The model was considered complete when any new variable produced no significant differences at a 0.01 probability level.
Only the dates of first detection of larvae for each cohort were included in the analysis, either for the whole year or seasonally grouped, in order to detect differences among climatic periods. The relative importance of the predictor variables of breeding success after colonization was assessed through a logistic regression analysis performed only on mosquito-positive pools. This analysis was not applied to the breeding success of the spring cohorts since these data did not meet the assumptions of the model.
The correlations between larval abundance and the evaluated environmental variables were also explored for two representative dates of the winter and the summer. The non-parametric Spearman rank correlation coefficient was used in all cases.
RESULTS
The number of temporary aquatic habitats was highly variable either among seasons or between consecutive weeks (Fig. 1) . The maximum habitat availability was observed during the winter (median = 46 pools), whereas in the spring of 1998 the number of aquatic habitats was minimal (median = 6 pools). During the summer and the fall of 1999, the number of aquatic habitats was intermediate (with medians of 21 and 17 pools respectively).
Nineteen cohorts of O. albifasciatus were recorded in all seasons along the study year. The proportions of mosquito-positive pools reached higher values during the fall and the winter (0.55 and 0.53 respectively) than during the spring and the summer (0.23 and 0.33 respectively) (Fig. 1) . The test of proportions failed to show significant differences between the spring and the summer. Except for two dates corresponding to the lowest proportions of pools that were positive for mosquitoes, the differences between the fall and the winter were non-significant either. During the spring-summer period the proportion of mosquito-positive pools was significantly lower (p < 0.001) than in the fall-winter period (except for the already mentioned two dates).
The total relative abundance of larvae showed a positive correlation with the number of mosquito-positive pools (r s = 0.85, p < 0.001, n = 14), and with the number of pools where larvae attained the fourth stage (r s = 0.78, p < 0.001, n = 14). Fifty-eight rain events exceeding 1 mm were recorded throughout the study year in Saavedra Park. Out of 29 rain events below 10 mm, only a single rain (6 mm) originated a cohort of O. albifasciatus. Rainfalls between 10 and 20 mm produced mosquito broods in 45% (5/11) of the cases, whereas 72% (13/18) of the rainfalls exceeding 20 mm initiated the development of this species. Hence, our results indicate that the proportion of rainfalls that triggered cohorts of O. albifasciatus increases significantly for growing volumes of precipitation (p < 0.001).
Egg hatching was detected in August at a minimum air temperature of 5.2ºC, and in March at a maximum of 29.7ºC. The total number of mosquito-positive pools was negatively and significantly (p < 0.05) correlated to minimum (r s = -0.48), mean (r s = -0.48) and maximum air temperatures (r s = -0.47).
Larval survival -The accumulated number of mosquito-positive pools was 678 (each pool counted once for each cohort), and only 32% of these pools lasted until larvae reached the fourth stage. Similar percentages of successful pools were observed in the winter and in the fall (43% and 41% respectively), as well as in the spring and in the summer (15% and 14% respectively). The percentages of the winter-fall period showed significant differences with the spring-summer season (p < 0.001).
The total abundance of mosquito immatures was about five times lower in August than in March. However, while 13% of the immatures recorded at the onset of the development of the August cohort attained the fourth larval stage, only 4% of the individuals of the March cohort reached the last larval stage. Therefore, our data indicate that in the winter the proportion of surviving larvae was significantly higher than in the summer (p < 0.001). Pool drying was responsible for the mortality of 21% of larvae in August, and 36% in March, whereas the remaining mortality, which may be partially ascribed to a drastic decrease of the water volume, was similar in both seasons (65% and 60% respectively).
Relationships with environmental variables -Immature stages of O. albifasciatus were detected, at least once in 51 out of the 91 studied pools. Cohorts that did not complete their preimaginal development were only found in eight water bodies, whereas in the 43 remaining pools the number of cohorts detected ranged from one to 16. The maximum number of successful cohorts observed in a single pool was 13. Most of the pools (65%) where mosquitoes were never detected were ephemeral, and appeared less than five times during the study period. The frequency distribution of mosquito-positive pools for the whole park throughout the year, was grouped (3.96 variance/mean ratio, p < 0.001), indicating that these pools were not equally suitable as breeding sites for this species (Fig. 2) .
Immature stages of O. albifasciatus were found in every category of the evaluated pool variables. A significant increase in the presence of larvae, represented by the proportions of mosquito-positive pools and successful pools, was observed for growing values of surface area, depth, duration, and vegetation cover. The pools receiving intermediate levels of insolation were positive in a higher proportion than those pools getting either low or high levels of insolation. Although not significant in all cases, this trend also holds for the different seasons separately considered (Fig. 3) . Differing from all other climatic periods, in the summer the degree of insolation was significantly related to the proportion of mosquito-positive pools, while dimensions were not.
The final models from the logistic regression analysis are given in the Table I . The presence of mosquito immatures showed a positive association with depth and vegetation cover, while a negative association with mean air temperature and insolation year-round. The relationships between mosquito presence and the selected variables differed among seasons. Pool dimensions were the only significant variables useful to predict the proportion of mosquito-positive pools in the winter and the spring, while substrate vegetation and temperature were also significant in the fall. On the other hand, during the summer season, the presence of O. albifasciatus was positively related to substrate vegetation and negatively associated to insolation. Breeding success was positively associated to surface area during the whole year, while in the summer and in the winter, mean air temperature was positively associated as well (Table II) .
The relative abundance of larvae was positively correlated to the surface area and depth of the pools during the winter and the summer, whereas it only showed a negative correlation with the degree of insolation in the summertime (Table III) . The abundance of O. albifasciatus immatures in the breeding sites failed to show significant correlations with any of the other evaluated variables.
DISCUSSION AND CONCLUSIONS
The year-round presence of immature stages of O. albifasciatus indicates that the climatic conditions of the city of Buenos Aires are not limiting to the development of this species. Thus, differences in habitat availability may be partially responsible for the detected seasonal fluctuations in the proportion of mosquito-positive pools. Both rainfall and temperature regimes influence the number and duration of pools in Saavedra Park. As already observed by Fischer et al. (2000) , periods with similar accumulated rainfalls (winter and spring) but different temperatures, differed markedly in the number of rain pools formed, owing to a rapid absorption of water by the dry ground together with an accelerated evaporation at higher temperatures.
Because of its ease of measurement and its high correlation with larval abundance, we consider that the number of mosquito-positive pools is a good indicator of the abundance and success of the different broods. The higher quantity and proportion of mosquito-positive pools recorded during the winter correspond to a maximum availability of environments and to minimum temperatures, whereas the very low abundance observed in the spring of 1998 was clearly associated with a drought. The accumulated rainfall during this season was about half of the 30-year mean record for the spring in Buenos Aires city. Therefore, such climatic conditions may be considered critical for the development of this species, owing to the rapid desiccation of habitats . The low abundances of immature stages of O. albifasciatus recorded during the summertime that followed the drought may be a consequence of the gradual decline of egg viability with time (Ludueña Almeida & Gorla 1995) and/or of the absence of recent oviposition. Future investigations should evaluate whether the fall recolonization depends on the egg-bank remaining in the soil or on adult dispersal from adjacent areas.
In general, rains less than 10 mm did not trigger the development of new cohorts in the study area. Our results agree with the rainfall thresholds estimated for pools in the Buenos Aires University City by Fontanarrosa et al. (2000) for the same fall-winter season (16 to 17 mm). However, for the spring-summer period the rainfall threshold required to initiate a cohort in Saavedra Park was lower than the value estimated by these authors (25-30 mm) .
The extreme temperatures recorded during the winter season in Buenos Aires did not seem to limit egg hatching and preimaginal development. Likewise, results on cies. Anyhow, such conclusion deserves experimental corroboration. Two of our observations corroborate the opportunistic reproductive strategy of O. albifasciatus: the massive mortality of immature stages (mainly owing to the disappearance of breeding sites before the preimaginal development can be accomplished), and the detection of immature stages within all categories of size, duration, insolation, and vegetation cover of the studied pools.
The frequency distribution of the number of cohorts occurring in every single pool (Fig. 2) indicates that some of them have a higher chance to become breeding sites than others do, thus suggesting that some environmental variables favor the presence of this mosquito. For the whole study period, the presence of immatures of this species was related to increasing pool size categories, abundant substrate vegetation, and decreasing levels of exposure to the sun. The positive association found between mosquito presence and pool size (given by depth or surface area), for the whole year, as well as for all seasons except the summer, could be explained by a selection by mosquito females of those breeding sites that maximize the survival probabilities of their progeny, given the extremely ephemeral nature of the studied pools.
Differing from the results reported by Maciá et al. (1995) on breeding sites near La Plata (Buenos Aires province), where this species seems to prefer sunny environments, but in coincidence with the observations made by Fontanarrosa et al. (2000) on pools of the city of Buenos Aires, the present study of a larger number of pools indicates that the highest abundance of larvae occurred in shaded pools, specially in the summer season. The positive relationship between the presence of preimaginal mosquitoes and increasing substrate vegetation may be explained by a shade effect within the pool that reduces water temperature to a certain extent (Fischer, unpublished observations) , also increasing the availability of shelter from potential predators.
Although both the richness and the abundance of predatory insects increased in the summertime in the studied environments , the low abundance of immature O. albifasciatus recorded during this season was unlikely associated with the presence of predators, since high numbers of immature Culex spp. were simultaneously collected in these pools . Future research should evaluate whether the seasonal fluctuations in the abundance of O. albifasciatus have some kind of relation to the presence of different predatory insects and algae observed in the pools. Coming studies should also assess the population dynamics of this species at a broader geographic scale within the urban district. The knowledge of the microhabitat conditions that favor the presence of O. albifasciatus will permit a better understanding of the environmental requirements of this species, and therefore the development and application of better control methods. populations of O. albifasciatus from Córdoba province suggest that cold temperatures and short day lengths preclude neither larval development (Almirón et al. 2000) nor gonotrophic activity (Fava et al. 2001) . These findings are not surprising given that the distribution of this species extends as far south as to the cold-temperate island of Tierra del Fuego (Bachmann & Bejarano 1960) . Nevertheless, our result conflicts with the conclusions of a study performed in Buenos Aires province, where high water level fluctuations at minimum winter temperatures (6.3ºC) were considered to limit hatching (Maciá et al. 1995) . The negative relationship between the presence of O. albifasciatus and the insolation degree during the summertime, as shown by the results from the logistic regression and by the negative correlation between mosquito abundance and the degree of exposure to sun, suggest that the high temperatures of this season in Buenos Aires city (30ºC mean maximum) are unfavorable to the egg hatching of this species. These observations are coincident with those reported by Maciá et al. (1995) for Buenos Aires province. On the other hand, the logistic regression showed the existence of a positive relationship between larval survival and air temperature in the summer, which suggests that in pools where hatching occurs (mostly shaded and/or having substrate vegetation), water temperatures are within the favorable range for this spe-
